III. Data Science Definition, Data Science Fundamental Concepts And Difference Between Data Scientist And Data Analyst

Data Science Definition
There are several definitions of data scientists from several authors as listed in the table 1. Set of fundamental principles that support and guide the principle extraction of information and knowledge from data [4] . 2 Data science is the study of the generalizable extraction of knowledge from data [5] . 3 Data science is a combination of statistic, computer science, and information design [2] .
From table 1, we can summarize that, data science is combination of field of study related to extraction and transformation of data.
Data Science Fundamental Concepts
According to [2] , the fundamental concept of data science is extracting useful knowledge from data to solve business problems that can be treated systematically by following a process with reasonably well-defined stages. Data-science results requires careful consideration of the context in which they will be used in the relationship between the business problem and the analytics solution. This often can be decomposed into tractable sub problems via the framework of analyzing expected value. IT can be used to find informative data items from within a large body of data. Other than that, entities that are similar with respect to known features or attributes often are similar with respect to unknown features or attributes, data might not generalize beyond the observed data and to draw causal conclusions, an attention to the presence of confounding factors possibly unseen ones.
Difference Between Data Scientist And Data Analyst
According to [6] , Data Analyst focus on the movement and interpretation of data, typically focus on the past and present. Where Data Scientist focus on summarizing data and to provide forecasting based on pattern identified from past and current data. [7] define and differentiate between Data Scientist and Data Analyst as describe in table 2.  Addressing data quality issues, such as data gaps or biases in data acquisition. Working with the rest of engineering to instrument incremental new data acquisition.
IV. Data Scientist Skills
In order to explore the list of data scientist skills, this study has a global reach and perspective as well includes the Malaysian public sector. Basically the data scientist incorporates advanced analytical approach using sophisticated analytic and data visualization software or tools in order to discover patterns of the data. The data scientist then will do data migration and integration, data cleaning, analyzing and deliver the outcomes. According to [8] , the data scientist must be able to write in different programming language such as Python, R, Java, Ruby, Clojure, Matlab, Pig, and SQL. Other than that, the data scientist need to understand about Hive, Hadoop, and Map Reduce. They also suggest that the data scientist must be familiar with Natural Language Processing (NLP), machine learning, conceptual modelling, statistical analysis, predictive modelling, and hypothesis testing. Even though the data scientist has to learn new skills as explained above, at least they should have the capabilities in communication skills, querying the database, understand about business strategy, able to design simple prototype for top management, and have good understanding in system architecture.
Educational data scientist is rarely sighted breed especially within business and government. In order to tackle this scenario, we need to produce more graduates and also equip the employees with necessary skills in data science. [2] suggest that the data scientist should have skills in data mining, data modelling, data visualization, and machine learning. According to [9] , the data scientist uses advanced analytics such as predictive analysis, data visualization and modelling, and machine learning to predict what is going to happen in the future and give recommendations to enhance existing business process. They also defines that the data scientist is a combination of three(3) main fields which are computer science, statistics, and domain knowledge. Fig. 2 shows the relationship and skills for each area. [5] emphasizes that machine learning is the most important skill and necessary for all data scientists. In machine learning, the data scientist should master of all 3 class of skills as illustrated in table 3 as per below. Other than machine learning, data scientist also required knowledge in text mining, markup language like XML, mathematics, and artificial intelligence (AI). Data scientist is an expert that has the ability to manipulate and extract knowledge and turn it into meaningful value [1] . According to their study, currently there is no accepted and effective data science professional curriculum. [10] found that the two (2) top skills companies are looking for in a data scientist are programming and statistical. The details of these two (2) skills illustrate in fig. 3 .
Fig. 3: Programming and Statistics
According to [11] , data science is now being benchmarked against practices that employed on highly skilled professionals. Data Scientist uses scientific methods to discover knowledge and patterns of the data. 4 illustrates on how to use data to improve the business. This process involves modelling, discovering, operationalizing, and cultivating the knowledge. The data scientist must have a pretty good skill in business domain, analysis, and communication. While, according to [12] , data scientist is the sexist job in this century. Sexy in the sense of having a rare quality in high demand. Data scientist is urgently needed by organizations because they know how to use the analysis of big data to make effective decisions. Among the skill that they should consider are programming language, computer science, mathematics, economics, probability, and business. In the O'Reilly book, Analysing the Analysers by [13] www.iosrjournals.org 56 | Page technology updates are given to Government IT officers. Soon, Malaysian Government do realize that the importance of having internal expertise in this field. Hence, skills of data scientist are identified to enhance Government IT officer competency and knowledge. According to [14] , the skills that are required for data scientist consist of model and analysis, data processing, statistic, business domain, soft skill, and technical skill as illustrated in Fig. 6 . In the last few years, the interest in data science field has soared. Most of the companies in USA are seeking and recruiting employees who have skills related to data science. From the perspective of [16] , she emphasizes that the data scientist must have both technical skill and non-technical as listed in the table 4 below: In United Kingdom, data science is among the most rapidly emerging field based on trend in ICT market. The key to success in business nowadays is to understand customer's preferences, needs, and behavior. Thus, data scientist plays an important role to do a prediction and make decision in this particular area. [17] concludes that data scientist need multi-faceted skills illustrated in fig. 7 . In Japan, the Ministry of Education, Culture, Sports, Science, and Technology (MEXT) has initiated a three-year project namely "Data Science Training Network" to develop the data scientists. This projects involves various stakeholders such as from the universities, the industry, and the Government. The Government of Japan realize that data science is an important area in order to increase their efficiency, generate more income, make prediction, and assist in decision making. Based on finding by [18] , the constraint of employer is to find talented and highly skilled in data science. The result obtained from the first 12 months of the project revealed that to become successful data scientist, the mandatory skills are: In India, a professional is well equipped with software and tools to assist and accomplish their tasks in the office such Business Intelligence (BI) and expert system [19] . This software is widely used to help the management to strategize their business vision and mission, learn from previous trend and pattern of data, and also prevent damage and error. He also lists some of the skills required once the employee enter data science area. The skills are R programming, Python, Java, Ruby, Hadoop, Analysis, Data Mining, Machine Learning, and Statistic. Gartner, Inc. is an American research and advisory firm that provides ICT updates and best practices. Basically, best practice is defined and provided by Gartner for the purpose of benefitting in terms of efficiency optimization, reduce costs and risks, and enhance the effectiveness in the organization. Gartner has released an article that explains the relationship between IT skill, domain understanding, and data science shown in fig.8 . According to [20] , to avoid failure in Big Data project, team member must possess different skills through some programs like training and hands-on that can extend their current experience. Creativity, leadership, common sense, passion, and curiosity equally important with the technical skills and basically complimenting each other.
Data Scientist Skills
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[21] reviews some of the skills required in order to become a data scientist. The most and top skill is knowing business strategy and function of the organization. Usually, IT personnel can easily adapt and learn new skills but lacking in term of aligning business with IT. Secondly they should know about the statistic. With some statistical technique, problem can be classified, translated thus providing with the recommendations. Some of the tools for statistic are R programming and SAS. Besides that, data scientist should have the capability to write in different programming languages like Java, Python, C++, and C #. Other than having programming skills, mastery in database also important. In database, they must know how to integrate, migrate, and load the data. Some of emerging tools in database are Hadoop, Hive and Mahoot. Last but not least, visualization and communication skills is important because it enables those who aren't professional data analysts to interpret data. [22] emphasized that data scientist is broadly applied within different organizations making it difficult to provide a complete and non-controversial list of required skills. [22] suggested at high level, a data scientist needs a mastery in data warehousing, data analysis, data transformation, and communication skills.
V. Findings And Discussion
From the research review, this study found 44 skills from18 papers which is includes technical and nontechnical skills as portray in Table 5 . Whereas table 6 shown data scientist skills that categorized into five (5) IT domain areas adapted from [17] . 
VI. Conclusion
From analysis of this study, the top five (5) skills are business, statistic, machine learning, communication, and analysis as shown in fig. 9 . fig. 9 , business has the highest percentage (61.11%) of frequency appeared among the papers. The data scientist should understand their business objectives, environment, and strategies so that they know where and how to maximize usage of data in the organization. The second highest is statistic (55.56%). Basically, statistic is used to design and interpret experiments, build models, and make prediction. Then, machine learning is in the third place (50.00%). Machine learning is a method of data analysis that automates analytical model building. Machine learning allows computers to find hidden insights without being explicitly programmed where to look. Other than technical skill, non-technical such as communication (50.00%) also the characteristics or skills required in this field. This skill will assist the data scientist to understand stakeholders, to lead in decision making process, and get retention. Finally, skill in analysis (44.44%). Out of 44 skills, other non-technical skills such as economic and ethics also emphasized by some authors.
This study has aimed to identify data scientist skills from global best practices and examine the most important data scientist skills required by IT personnel. As a conclusion, even though there are many skills required by IT personnel in order to become a good data scientist, they have to make sure it is aligned with their organization needs and purposes. For future work, we recommend other researchers to explore and develop full set of data scientist curriculum. The curriculum will be a guideline and succession planning in order to prepare experts in data science.
